1 

^ *m m f m im s& 
^ co =m Wk 

f/t^cfc PLD (Programmable Logic Device) &L<liFPGA (Field Pr 
ogrammable Gate Array) t. Ufltti i> 7 □ ^T7"JU^MM Xtf j£ < fcQ ^>tiTl\ § 
(j.^Ts *0£!ffl«7rfi F P G A hlStSt"?. ) <, F.P G A - if - if ®mm 

o #IIlHl8S*fi6^^»?5SLSfil^-r-5 3^^-e#5 F P G A (± x ^CDBf 

So 

^bii, :©FPGAhcpu^i i<D*m&mm®&±izmmLfc 

mtte^rcfztb, ^XTA(D&WlZ£Vm&\Zttfa-?2>Z£t><T!%&Z.t\Zfj;2> 

o 

&*<DC P U £ F P G A&)fittLfc¥?*#:&fltlHll&©0!li: Us «^Ltt#Mf 
05-242050 ^teftlzm^ZtlS* ote$>(D&& 0, CPU^FPGAt &fi, 
*&3HJ--<£>!iIir£>-^£ FPG AgpiC«J56**iSIalKflJ: otlf ?^^tfftlbti 

tfr u&#e>. ±e«£*©c p u ^ f p g AzmmLjt^mftmmm&iz&ii 
tits fpg a T?*a.3i-r f p g a iz^ommzn o ®&&m 

$L£tiX ^kittWi**^!^^^ (undefined operation) t ItlfctiiiLStfX h 
±lB^3fe©C PUhFPG Afc>ftttUfc*3l*#llfaiHlBH;:fct*Tl*F P 

g Aizmrftztizmmzmfe l las&flifdctfy-f ± $ ^ ^ utits 



F P G Al3|f^^tLi>0SS^^V ^-5 v *? IZ&M-tZ <k o \Z LfrmttlZ 

i:^*f*H8II5|Kl3fT*>-H:S«'&lCf± F P G A ©0&«fi£^|5|S&fll/i£ & M 3 
* -f 5 > ? £ W&M L & < T I* & €> & l\ 3 h IZ & 3 o 

-Tfefr^v f£*©C P U <h F P G A&>!ttUfc*5ttH«igj&K*i^Tfi, F 

^ co m » 
Q F P G Alzmf&$tiZ®m*mW)$)lZ?4 ttzmm-t: 

5 M14t6©i*UC P U h F P G A«r)ga LfcftiSlSI*©»u^*#j|«I5iK 

3 5 
ST 3 ! 

si *&w<D*mtemm®mit. c p u m&mmtfm^&x-zsm-c&zzru? 

±EJ* 1 ©¥a»J#&©fc*&gl:*-Ts -tEifr^A^E^Wfc^TfcSi:*!;:!* 
t5^2 ©fiJSy^S^s ±E£ 1 ©¥0«U*fiS!fc<fctm2©¥JSy*a©£JBr*Sm& 

gitTx ±iB^^xii^r^?ij*<±iB^i^^^T?fe5 h zizit^ ±mmmmw^m 
&m ^T±i3^i^^^©Ms^ff o frmfrzmm-f 3 ©*j#j^©*: &<* & ic 

±E* 2 ©Jftl»J^S©*JWftt*feSI^Ts ±B ; ?ttj*<fr©*&3fcfT-5 |s|g&#± 

e raw*;* # ^ s 1*3 iz^&r ±s : ?|tj^^©«ia&±E*iBj!iSSii:*«7? 



3 

L&U±i£-[;:. ±f3i^i%^-©*n ; 3I£±i3C PUTffoio 

SlZfjg^, ±fB#^ <9«x.#|£[i, ±I3ft#t^#m^l£fr e±I3ft#^£ 
B L&uii^f;:li s ft§#<fr&2IS d <h (z: J; ^ CP VlZ^-oT^m 

g ±%i^^-^^tmm(Dmm^ CPU Trfra £&©ft@ifc%<h £«if&T5^fg;&# 

±I3^^J^^-|± CPU Tr^fT^ttf#S^^Trfe 0 N ±i3#^i2J 9 g;L^|£f± N 

±I3«lftj*#^gTrff fc>-£Z> <fc o l3_b.I3ifr^£^M L s ±I3i^«fr<fr©*/i3I&± 
IBC P UTr=fTt>-tb5«^l*±I3^^J^^^^ML7&tA^fg^^e>l3#LTU§c 

©AStrff o0tt*«±E*ltt3«ir«C#«EL*il»»^t x ±Eftltt&*tt*f;: 

^A^^M^tife^^-lrt, ^©^MlCf&bfc^n ^ T 7^t*/W X©fijffi# 
nTt^l^^-So bfc^oT. 7oy7"77JI/f/H X£#J£}LjfcHW/SW©t7Ji9 



ommzif o mmmfXr-z &m%ftiz±mffi®mwmw.izmz&& z tiz<k v 

o 

£ ±ib*«s* >iiirsm cd £ t # it *i s ^ ^» # /> & if ti it±m ^ 

^nfe^^^^-CDlf^T"-^ ±13 >< U 4 ©¥iJgiJ3M££ £ <=> (3 

1S^I8:££ e>ICf»^. ±I3fftJ&7 : -*-^«t&#.^|S:l£ N ±I3Jt^I31f 
LT. if &^l*T^S^ifr%fr 6^iT£,5t^#cfc 9 ^fttfr^-cD assist 
5 r -^^r11$t^|'±IBMUt}>^#^^l3»t^t3hl3cfc 0, ^feOlMfeJU? - > 
£ ^ -raSS© 5> X =r A 13^13®^ U ft IhJKA«# <B> ft § 3 «h 13 75: -g, o 

£7cs ±I3^$Jift^£ 2 iHjgltfci: 5 ©^i&ift^©^/?* - ><L N ±I32o 

© & g it § B^r^ mm t & mm-t & mmmm & $ e> izm x ±13 



^ t\Z 0 s MSf^(7)fp]±&[lI-S3h^lr^-2, 0 

^@Mt- *(DWz&friz.mTz>mm£ o tm^t % izm o ttzmshmwrn 

o 

. ±IBMft!))^#^m©^^y\'>^^±I3^^J#^a)«^5 :: -^©t^^M->^d; 0 
t-^t ltti[^±IB^i^^r^CDfl|^T ; -^(D*§3i*.^fT^. ^£ A*>>? WPtelf 

CO ffS 75c g^fe 
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0 6(a), ( b ) li. ^ti^tl)li(3. % 1 ©giM^figdfcftS F^%, ft§ 

^ cd ^ w m & ^ -t m -c § o 

0 7f±. ^ 2 ©HM BSlZfcltS s 7u 7^ Ix^lz F#^hft^ift^jb<#tB£ 
lit l\ £> CD M^fi) £ gj 7: § 0 

0-£& 3 0 

o 

jl 0 1 0(i, 08 IC^-r#^?iJcD0iJI^^-rs zi >y j 4^ U- >y g©^* 

M- 01 2tt, JM©^lfcra»l3fcl*SJHffilB*&©±M©«/$&jS^EI-efcS 

3 ::i 

9 ° 

p 0 13(*. m 5 ©*it^ji6i3fei±sjijKiBi*sp©±^gp©flifig&^-ria-c& s 

o 

5? ^ ^ ff^ CD |^ 

(us 1 ommmm) 
- vx^A©ms§in^- 

®1 (±s 1 ©^*fiff$Sl3fclt-S^^#:|lftE5]iS©7'n y ^> ESSHlTr 

[eO 0(3^11-^ 5 Id. *£ft£7£Ag©4&$#:J|t$ft|5]% 1 0[± s *Mtl*£;h,fc=i 

#^*«[US&1 0©|*)g|3|zli. T-^**«lit5fcft©7n^7AtE1tUr 
Srffr^* U 1 2 £ s FPGA1 9 Tr^kSt" S (iXT " F ffr^r" ) <h 

ill C P U 1 8 T?fT&d fc»©ft##^*IB1i LTUS«»ij|»^IBttSP 1 

3 L ^^/^U 1 2&r/ftgffr^|Eligp 1 3 frfcifr<%&S* l &&it!fctf>©:7'J 7 
i -y^-SP 1 4 ^^^tU 1 2*v&A***ife F^^©SJE*fB«-rs fc#>© 

asiBitsp 1 5 t v mMumffi 1 5 ©as* itr f p g a 1 9 izmss.-t^mm 
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&mm-rzmM 1 6 1 N *jsygp 1 6 ota^ &sitr fpgai 9 tat a 

S^KIJft DlSftt§ C PU1 8hs FPGA1 9 fil^t'J 2 1 *f 
^7=-^ * ^2 2t&i^T^§ 0 FPGA1 9l*l(C[±FPGA1 9 IZfllJSfc-TS 

ttCPU 1 8 * 813 CPU18fta>|s]g&(;: < fcD^ 

^ El^ LfcUtfs *#ft:ilf»[s]S& 1 O^lCli, CPU1 8^>FPGA1 9 

2 ° 

sj -SUSP^**©***- 

[* ifc^* "J 1 2 s ft^^fBttSP 1 3 N F P G A 1 9 . m$L7 - t> * <? 

g 22 s 3>7^ib-y 3 >/fiji 1 jki?mmmm.m 5 &*r<DBit3P£« 

f&<%*^ 'J 1 2 131*. C P U 1 8 TrUfT-rS^D ^ A £ tiT U S 0 d 

© I D n - Ktff+^tlS o ft»*<%fB«a$ 1 3 (31*. ^F^tiUftllC P 
U 1 8-pfTofc«)<Dft«i9r^*<«ll*l**i-CUSo 

J:0t4ffl© TADD D1, D 2 j f±ft^*^ U iztettSftSffc^-efe 0 x # 

«J l3(*ttlrt$ti3&^o C(D^!lTri*s D 1 , D 2 , D3hl^3^CDb V7,*if 
. * 0 s 1 fflOtfr^te D 1 h D 2 £ £in# LT^OiDlgI$: D 2 13 ft A lJ- -5 1% 
^rTs 2ff@©^^(i, D 2 (D^r — -9 & D 3 (D if \Z is Z7 h LTD 2 ft A 

2li, FPGA0yf>7(Dteit©k>'7^ (Xtt/t'J) 



t 

** « , » 

8 

D □ - K^i^tlTL^o 

m 5 it, /\*>^$fc#8-e (n>^o~A'>^7) x m&^-tl&tf 4 ( I D = 
1 ~4 ) fflfc^fflfllrit^-* * ^"2 2 ©^-^fllafifc^-rHTaDSo fe£ Us [i] 
HJIIfcl^Tx I D = 0 tttMtAotMftUZh^^UTl^o (s] H IZ ^ "T J; o 
Id, £©#17?!*. /t>i? 0-1 i:l D 1 CD F ^4r©P^g^- ^ t3 TTfc K> , i\ 
> £ 2 ~ 4 (Z f± , I D 4 © F ifc^(DmJ&7- $ #Ao Tfe ^ /t > £ 5 ~ 7 IZlt 
Mf-^^A^TU&U^h^^lT^^o «^ct-"-^^^2 2 lis ^U^x 
>y^£P 1 4 &^fre> CD I D £ ti 3 - * % ? " t^offl 

g £#$>3fr?" <h a HtMlfcf LTlis *'/t>£ 2 ~4 da&S" i:ESt§o £ 
# N d 5 \Z^-fm^lZl±, ±m3l\<£t>-&lZtt IT "A>£ 5 — 7 ^UTU5" 

frt 

S s klslQ'? 2> Z. t.lZl£ & 0 

S; 

HI 6 ( a ) , (b) li. ^tL^^ftM^^-IBmSP 1 3, ^/^U 1 2 iZfeW 
Q £ti&7n?^lx(Dot>Flfc<$(DM%:^-fm-C&2>o HI 6 (b) Id^f fll T? It . 

d©tSr<£Tr{£ffl * *i5 3o©l/v7^D1s D 2 v D3 H4„ L 

T N 3© F^^TrUff ^TtlSMSlis Z Z-Cltm4!?9jiZtlZyntr^ Atm i; 

HI6 (b) d^-rflS-eiix 06 (a) © F ICWT £ ft^i$^©#!l & ^ L T 
U3o CPU1 8 Tr. HI 6 (a) (DF^^tm 0 4BL 3 & fr -5 7n^7 

-Tfcto^s ttgtft^IBtlSP 1 3 ICI*. Fift^fe F P G A 1 9 Tr «kSit f Id C P 
U 1 8T?ffiit5«^l:, F^^hl^i;«LS«:^5!-rSfcto©fte*^A^W* 
*IT^5 0 o£ 9 N Z ZTrU5ftW^^tl*s F PGA 1 9 \Z <fc o tilt 5 tfo 

^©MfcfTO IHBtf F P G A 1 9 K:«j$S*iT L>fcl\ 
s CPU1 8 ld«fc oT|5) i;j|I^S^t5tto(Di^T^5 0 

F^^7'j7ivfapi 4 iz j; o ^ * -y tlx ftm^^^m'n-r & 

ZtlZteZt, 7U7i-yfgpi 4 (i ft S ffo IB 1)6 SP 1 3 (Z *t L T M K F ^^© 
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ftt> <0 hfcSft^Tft^ £ 7 x >y ^-f-S 4 o T 5 -trXl"S o :fflt| s Mil£Fifr% 
© I D zi - Kfcft*#4*B«8P 1 3d§hs ftetfr^IBlSSP 1 3 (4, I D =i - 
KlIfcUfc-T 5ffc§ift^&«*&-f &«, ?lTs H7H-KFPGA end ZfetiltZ 
^ ft#*^©HT«-^ru 7 i v^B 1 4!3#t^-r^ 0 7'J7i-yfai1 4(4 

— ASl&lds F P G A lt\£lffimf$,y : -$ WStL 6 ft S d <h M 4. o T s ^©[nlSSfi 
? . J* ^ U T: & 3 □ > 7 ^ 4^ b - v 3 > * ^ U (3 tSit £ ti T 9 , □ > 7 -f ^ i U 

p Tii, HKflidt^-^^ f p g a mzm&$ titmi&T - * *=e v iz.&&$ti s 

^0 @SSP^^- £ Cto' £ Is]{&©S>J\3MuT:fc £ □ v >v £ v n. - )K0W»M9hif t 

8', s s; 

SI Dv^fvi-^fWSIHiei^ 4. 0 F P G A ©ESStf dcA<«6 

1 ^mmmmiZB^Tlt, FPGA1 9 (4. m 1 II^t4 a i;, m®.<D/x>t \Z 

111 

l= * m&T- * * =E V 2 0 ^©zi >7> -f ^zl b - 2/ 3 > (JfSElc^- *©##&«*) 14 
s £©/\* C P U 1 8 <DWift£lt&iL L/ttT&5ui:^t5 0 £ £ 

s CPU1 8 h F P G A 1 9 fc©iai4/t*l;: J: otii^titfc K> s F 

mmmm® 1 5(4 S ^f^©^^-^ hirs*,©-?^. f^©^ 

tfF^fettftltStx ^©Fi$^©I D =i - K#JSSSB«SP1 5ld^e>tlx JS 
SaBtSSP 1 5 (4&6ftfc I D =i - Ki:^)6t5 k>7^ ©fii£ 1 ii^-r 0 
- 7 U 7 i y ^SP©&L31- 

7'J7ivfSP1 4 (4s ,U 1 2^6ife^&7i'yf t5»«i:v ftS 

tfr^EttSP 1 3^^ftf^^l;7i'yf titlii:, 7iyfUgt^tfF 
frSfr&JpJK-T 3 ttiaB t&W-r So H 2 (4 s 7"'J7iyfgpi 4 0iIOS 
ti&it70-f t-^fe^o I - 7f'y7ST1 Its 
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'J 1 2frb7i7fLT, Xr'y7ST1 2T S F £¥'J§r 1" 

So ^l/Tv F t^Tr& Ui§£-tZf±„ Xf771 6TCPU 1 8 13 ^ © £ g; 4r 
^^S-73s F tfj^ T: <fc £ *§l§r (3 [£ s 7r>v7ST 1 3!3^T:. 
0' 2 2 ©F*gS^#?,l LT N F^© I D#-^l3So"UT FPGA1 9 (3^© I D 
CO F *^6D|s]l&j&«fl|J5ft**iT U 5 *^*J»ft"S o ^ UT S FPGA1 9 [3 

D© F^^©@K^«fi6*tir ^5^^-13 (is 7 f >y 7 S T 1 4 13^7: 
s F tfr^£^© i; JCPU1 8i;lD, FPGA1 9IIfCDID©F ^^©BSS 

.. ^IEtt£P 1 3i^7i7rlt, CPU 18 Cl5o ft®*fr«&?!l#*£T-f 5 * Tr 

g 3©<fc-5l3s F^^ffiftta&fraiHlK^F P G A 1 9lcfltJ5Jt*tiT^&U«^ 

y § 

S! (3 li s tt^i$r^£ C P U 1 8 (3 3£S 3 h 13 cfc 9 . F^^(3 J; DMStf 

3 t-^^fts tit*© <k o izmmm^^t Lxmt>tiT cpu ##jt-r a «t a 
- ¥U su ^ # & 7l mmn a>mm- 

¥>J S'JSP 1 6 {£ s itltv 3>7^il/-y 3 >^'J1 1 v FPGA1 9 
l*!©^^-^ * ^ U 2 O^t/F^H^^E'J 2 1 PI©Mt- ^ (D^i&^^t 5 
&©T&£> 0 A±ihbTs JSMIBIfSP 1 5 6, © JSMfS$B s «^x-^^^2 2 

£ ©tS^x - ^W^s 3>7^^aU-v3>/^g 1 1 £\ 6 am > ^Sfcflt $g 

fc*T*«fcSo 3*l£©'W$6&iS UT N if© F^^©|f^^-^^fi^^-^^-E 
U 2 0©^3©A'>^lia-f O^tSfr&^t^o ^Lt s 
SP "1 7!3<£ 9. fit^T"'-^© □ - ^ >^68it5o 

&^©C PUtFPG A &)fittLfe^#ft:jft5tlHlK-Pf*x F ^©flj/fc^ 

-m>oFPGA©i::i:a-f^ > ^irtUi'M Stella < &3fr£<fce>fr 

Tr F P G A 1 9 ©ifiST-^ffiUf^ff&o 3 hl3cfc 9 ^ irCF^OMr- 
^tnFPG A © ^ 3 13 □ - ^ >r >y-rtLfi*MS't4tgA^< & 5 £ g fijtfj 13 
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IU3(* S m%l%l 1 6 7kVWZt&z.fflm® 1 7 l333ltS«kS©aEtL«:^-r7 □ - 
ft-hTfe5„ s 7t-v7ST2 IT?, ^ I£ F A & § © IZi&W 

S T 2 2 7r N FPGA1 9 ©^ in>^|N» if- F tfr<& A © ;\* >0 ft N a & 
±frSfr£«J L^Nn^Na (YES) -e&*U£\ ST23TFPGA1 9 4> 
©^£y<C>^ ©fft^^-^ ^ ^ .j [3 Ftft<%A©flS/$^-* £ □ -t 2 * >^t5 0 
^©h^x fl|J5fc 1*3 jfc^ir U 2 1 IZfctU*** b 6> □ - -f >^*U N I* 

g — 7Js Xx'y7ST 2 2 ©fiJS'JT, Nn<Na (NO) [3 (£ s F P G A 

6 1 9 f3*H^^tlfc Fife«fr©-5 ^"Cftffl«J*©te^ Fi^%£:©S£&;L£[II3fc© 

Mi. 

(Dli&fioo ^^Tr, 7f97ST24 l:iffLT, St\ F P G A 1 9 !3« 
SJ f&£ tLT 1^5 F tfjir^© -5 ^^/S^JS© o £ tiS. t\ t» © &i!4R lT N 3 *L&g^ 
|* M © F Btt^o 

S f Xfy7ST25T, F^A(DtfflitUA # F B ©Mffl^J* 

p UB cfcOfe^tU^SA^flKfUs Ua ^Ub (NO) © h # 13 [£ , ^ £ * 3 

— 75\ Ua >Ub (YES) ©t #131*. 7f'y7ST27Ts ftjft* 'J 2 
1 (3 Ftia% B ©AIjeK^- ^ £15131*- 5 £ i:#T?£S£l*©^IH#fc5fr&SH'<5 
o ^E-UTs ftMX^V 2 1 I' Ft&^B©**^? 2 -* &iBtt-T3 3 *:#-^g3£l:^ 
©£M#a5* (YES) ±§-&l3(i. Xf-y7ST28Tr, Fffr<% B^FPGAI 
9 0)Mf-^^tU 2 Ofr&rtjft^'J 2 1 C^i^tfct, 7f'y7S T 2 
9T. F P G A 1 9©Mf-^y^U 2 0 * © F B tffeM £ *IT L> § A* > 
^St/t>^HT, Xf-y7ST22III§ 0 ^0i:§, ^^A>^|[N N 
#F*fr«£B©#£U-J**£©T?v 7f'y7ST2 2 © ¥0 S'J JH # Y E S (N» ^ 
Na ) li&Sffi^A^ < A<v NO (Nm <Na ) (Dt^iZlt^ S!l©Ftfr^# 
WL&mo Ftfir^r B Kl^SfiTv 7 r 'y 7 S T 2 4 » ©MS tffr fc> *l § 0 

£ fcs 7f77ST27 ©^JS'jTfs l*JJ^* ^E U 2 1 13 F fffr% B ©|gj^^- * & 
S«-rS £ i: #-C£3£l±©^IH#ft^ ( N O) ift-g-izfi. 7x'y7ST30l; 
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f£fr U T N ftjfcyt'J 2 1 KlIB'lf £ftTU3 F^©M^-^ 
fJS'JtSo ^-LT, fil/^'J 2 1 (31311 £ ft Tt^ £> F ifr<% © Mt-* - * ifi & *l 
li\ 7t'v7S T 3 1 \ZMA,-C^ 1*1 U 2 1 lIOt^T, FPGA 1 9 ©Iff 

j^t-'- ^ y^U 20l:o^Tfr&ofeXf y7S T 2 4, ST25 tmffiCDt&W. 
&fT&-5 0 Ttufo-ib, ^f'y7ST3 1 Tr. |*JjH*^E 'J 2 1 l3*£tt£tiTU3 F 
^^©•5 -fef^^MJ^ o ^ t,f£t\^%^g^ffi© F#4rC h^-So ^LTs X 

F#^B ©{M*!lJg U B # F C ©&ffl U c £ K> & * 
# Ufrgfr £¥'JBsfrU. U B >Uc 7:&*W±\ 7f 77ST33T, F«*^E'J 2 
u 1 + © F^^C A«ttlA*tiTL^Ii*«:^§^Hi: Its 7?'y7ST2 7 ©#l 

P -TJx Xf77ST30 ©^JS'JKlfc UTrtitt* 'J 2 1 * |3 F^<t^$4LT 

$ t\ & l\ ^ s X =r «y y S T 3 2 ©^ijgij 13 l\ T U B ^ U c (NO) (DtglZlt 

01 

S v 7f'y7S T 2 9 iz&ft Lis F ^^B©*fi6'W«*<tStt £ tifc a* > * £^ g 
HUTST2 2^<hH§o 

f! £ 

q #13 If / f'J2 0 s ^E U 2 1 (Ztefa ^tiSo 

tt±ffl4!lll3fcUT, F^^rB. F#^C teMWkmo) F ifr^ & it l*" 3 &©Tr 
N #^© 1 O© F^^^ffitt ©TliJ&U 0 

U -b y hB#l3(^ F P G A 1 9 |*j ©fltfift^ - * * ^E 'J 2 0 II^LTF^ 
^©fl|j£^-£ ©*7lSa=l >7^'ib-y 3 >A<fT&*)tl^o :fl)M3>7^ 
^ab-V3>li, Mf-^/f U 2 OlCfrE© Fifr^OflSfiji^-* & □ -=r 
4 > &7f>ih, AS SB tits? 1 5 ffillf-^frbJ; 9 i$ A3 IS & © ?*u Ftfr^ 
©IIJ*^-^ SrHlfifc^-* y =E U 2 0l:«ftWl;n-7^ > £ 7J>4 h 3 
o tt©l^lltt, »J * y Mil «£ oTJUMIBIiSP 1 5 ©1SffiA«)l***L3&U J; o 
iZTZ&Wtf&Zo rtV-*>0i:v K B#fc 134* Oft ft #j&^&^U: I* , li 
IB'IfSP 1 5 ©IBlttit$Btf^fflSt££:fr UT US'BIA^So 

j*^-**^ 2 0©«j*7*-*&^jt-r£P*i;: flit* 5 Ox teffiiEJS© 

* U £ © b m IZMsSLt -^/^EU 2 0 s rtl/^EU 2 1 \Zfam £ Z\ tiz& 
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■S o 

#x. £ 3 i: & < . {Mmm&teJ^ X-^hlTFPGA ro*tHJ6£ SfiWlZ&M;* 
itZZt&fjmiZteZo *0>e* s J; <9f$fflM<Di*U Ft&<%& FPGAIIgf) 

Q 3 (3 J: 0 v ffiffl**©*^ Fifr^£ F P G A tfi^r* 

5 (S&2flD^JfiJ&«g) 

in 

g riis H1 1 iz^-tm&uztei\-c^ tt*#<£3E«gp 1 3 &flt*Ti\fct\3 ttfii&s 

lift 

j i»| T? $> S 0 

*i^©H#:#!l£^-f H]7:£3 0 HI 7 (3 £5 U T fi N @6 (a) Id^f F tfr^fcj: 
06 (b) llStF^^t, ^*l&©ffc©l&^i:A«#S3S;h.T^S*£&0j!;:i; 

0 T U 5 o 

HI 7 Id tf I - <£ o Id s 7iJ7i-j/fgpi 4 tfFtf^&gltTv F^&FPGA 

1 9 Tr&kS-r S^-a-lZtts y ^SPfi Fift^£ C P U 1 8 IZl^ofe^, F 
tft<£ldIE*ii£*lTU5 7' h'l/7addrjT?v> >7t5 c LfctfoT. 
%(±^^T^/fxr. ;*©^^/)^fT^ tlS Z £lZteZ> 0 — £ s Fi%^£ F P G A 1 
8 T?mm-U:?ftWlft<S&m'rtT2>m&lZlt, 7U7xyfg1 4fiFi&^&&MB 
U F $t^lzm^Tm&£fafei-tm$i^&7 i'^L, CPU1 8tl5 0 Ife 
tfoTs 3 0^^-13 fift^^^/) ? C P U 1 8 T-n'ri $ tl 2> Z £ iZtj: 2> 0 

*mmm?MlZ fc^-Cits 7U7ivfgpi 4 * 1 2^b7iyf L 

fe^^-^F^^Trfe 19 , fro. (D F $i^(D®$8b< F P G A 1 9 l*l IC « £ *l T 



14 

^i7t^fe&i^i^fij*i^§o fetdL, m i (DrnMBmr-it, f^^ 

y 7 & if © £ 13 & U S f# £ B# IS # '> & u h i\ -5 ?ll # 5 0 

x flg'jsp 1 6 s w$m?Lfflm® 1 7 fefyffl u fe F^^roti^c^- ^© □ - > 

(* 3 ©*JSJ&flg) 

± IB 3(5 1 x K5 2 ©HM^Stfct^Tlis ^^y^'JrtornyTAlc: F^^tf 

* tlx ^© Fffe^&&'*q-f s itnj;ot F^©jsii& f PGA-efT&ofr 

7n^7Aliffl Lfc^Kllix F P G A £{$fl§ L fcjffil *< T? # H 

fctox F PG AI3«fcSM31te*a)|Sl±feBISiIh*<-??#ft^o **SSJ& 

HI Itts **ifi^ftll-felt^^##*«|H]g§©yn y ^isiKS-efeSo Pill 

UTx *3^JSJ^JISl3fe^Tr±x tt^/^'J 1 2 1*]©^ □ ^ AlZlt, Flft<$tt><^ 
S*lTU&l>. fLTv FPGA1 9 Trf? oMSh LTx F ^^J-X^© ifr^fr 8> 

j&z^i^miimmon&m&'rT a ass©*!^-* LTx ^©tfr^jx 

f-^.tl/ID^-h'^ ffe3>7^f^iU-v3>/ : EU 1 1 IC ISM L T 

< o 

IH8ttx ^SUSJBpJl-fct^Tx ^^/^U 1 2 ft &lfc^?iJ©#!l£^ 

-rH|-Cfe£o C©#!lT:lix U ^ \Zfc$to ts Hit D 1 s D 2 v D 3ht^ 3o© 



15 

D 2 KftA 2ff@©^^Tr. r-^D2 <Z)fi&£^-£ D 3 (DiUfdlf^lZ 
v7hlTf-^D2 Kit At" 3 o 

0 9 lis **«lll;:fcl±£ =i >7-r4^U-v3 >/^E 'J (Dx-^fllji&ij* 

Du-K* ifr^5>k Mlfo-f Zm&T - $ t Jt > 9 l\ 2> 0 

ID 1 Oli. S 8 lZtjk-?-fa<%P}(DffllZf$T § 3 >7 -f =P^- U - v 3 > * U G)=r 

- $m&(DM%^-tm-Cfo2> o UttttClli I D u- Ktt 1 T? s #^01* r A D D 
D 1 v D 2 • L S R D 3 . D 2 j Tr s A*>>7^|i 1 T'Pllfot ^Ifilf - ^ ( 

mfie^*-^^^2 2©m^ii±iB^i (Dmmmm-emBR Lfeh&<9 7rfc£> 0 

fit, *^^ff$Sl3fe^Tl*. 7U7iy?gP1 4 #ifr^*^<J 1 2 frfctf 
£7 i >y ^ U fc h # IZU □>7^il,-y3>^€U 1 1 |*)<DiSr^?!]gp £ 
#1,1 L T s 7 ^ 'V ^ L fe^4r?U h t©^D>7-f ^aL,-y 3 >*^E>J 
1 1 I*1(D^%?|J^I3#^ LT U S ^S^&^'JS'JgPT^JS'J U -ffc-Ti. £ <D#& § 
^^iCli. #1 . ^2©H^^^(DF^^^^i.y^Lfch#i:|ll«l3. J^TO 

fijfF£*To 0 *^j&Wf§-e(*. tfr^^ey 1 2 y i «y ^£ tifc^^^y t— m 

tSt©A ! 3>7^al/-v3>^ : E l J 1 1 I*) CD i^3nj * 13 UlfcOs ftv 

o^ffiMi* f p g a 1 9 ^ftt>ti:^ tmizz *it^^nt<n 1.^2 ©^asm 

FJl^feltSft§^^l3*g^1-§ Z hlZ^So Sfcs *H»f§TI£. 

1 1 F*3 (D ifr^iJ LT 0 . ^©^Sfe FPGA1 9Trffoh¥'JK 

Ltom^lZlt, 7U 7 x »y ^SPIiHl 8 Tr^-r^^^iJ^El 6 (a) IC^-TF^^H 
t^xTCPUl 8l^iilSo C ft d <fc 9 s fffiiiliFPGA 1 9 TrfT^ftS 

1 1 fto-fa^m^- & % y>j ? i >y ^spizixo^tz «h t prtg-e^ N 



16 

B^x *)S'JSP 1 6 . #$&x.$Jffllg|S 1 7 fcfljJB UfcfllricT*--* 

if (d mm it. m 1 ©siisj&iighiBi&izfT &a it^T^^o 

*HM£f§l3<J; 5 £ s F^tfi^ft&uT'ny^AldttLTt,, FPGA£ 

fclZy HI 1 n HI 1 1 fcijx-f JIffig«SP 1 5 Id 1 o<Z)F^^fc*ltT & < ^tfe© F 
ift^a>JiS&lB1t-r£ «UI <t o lz Ufe*4©*J6^»tou\TlttM-r 

So 

H **Jfi^JBi^a3UTiix ± IB ill 1 xi±ia 1 1 Ki^-f 4^ftil?f iHis&fciiuffih L 

1 . UMIEHnP 1 5©«/$#±E*1 ~»3©*|fcraJI6fcl*J%fcoT^3»^U:o 

on 

Nl BBIZSt-r £ a (3. JIMIBUSP 1 5 a iZlt. *»© 2 §j|#© b ^"X * h N 

i* , Mm Flfc^ I DIBlSSPts O^J/>^ htfiltb^ltt^c *^JSfl5^ld 

IU 

Q autlis «fi67=-^**<5 o (7) Id <h o -g> 0 UMIBUpP 1 5 a ft 

in 

O . ituE© F i$r<%fr S^IhI© F lfc^^(Dm&JH? - > . o^H D#-S§ 1 s 2 N 3 
" v 4 S 5 - Xd^CcJ LTs 5 x 5 = 2 5 ©*^Jg© U vX^ tfiSI* 6*1 

§o |ilBll3{±. — SP© U v ^ ^ II O l\ T © ^ tl T U § 0 

JS SIB It A! 1 5 a I3 S HI 1 , HI 1 1 \Z^-fyv 7 m v ^SP 1 4^6 Fi%^© I 
DA'Aij^tiSiis &© Ftfr<£© I D *Tf©Hs ffirlsj F*<£ I D IB 

ItSPlI*© I D#-S§#f$j#£*i3 0 f iTv JBSiBffiSP 1 5 a \Z)k(D F^<£© I 
Di)<A*^ti5t^ BUll© F^^t)k(D F$i<$£(D I D#-5-©jSf£A* - 

£ © T* . J >t7 V * >* tfZrOM&rt* ->lZttl&TZ UvX^frbiSOi 
titi IT, ^©fittC 1 fciPlf UT U I3M U )M F tfr^© I D fitu 

m f ^ i DEttSPi^«i#*tt*o 3 ic J: o . &m&n*- 

>©£&tfM*r£*i&#£S&£*i£ 0 
-15, EMXf±HI1 1 t^-r*IBUSP 1 6Tr(i. «SfS1tSP 1 5a©ifj£©Uv 



17 



fr&^-TSo fclxtfs *RJg© U KliH 1 2 I3tf!l^£ tiT l\ § 

f§£*iT l> IfS^ff £ tiT U § F^^(D I D#-^# 1 T^^tt^h^ 

-?- © F#^tf,H7lfcti:, a^1-§it^7b<t oHiUl D 3 ffi F <fr^(Z) 
fftf&T-'-^S: F P G A 1 9CD|filT-^€'J 20l:n-rV >^Ltfc< 0 

±ibh 1 s m 2 ommmmizfti+z F^^omm^-^on-^^ ywmm 
it, xtiztizmmtft, ^ t t,m^ f -fr^cDmf&T-t' zmftwiz fpgai 9 
u (Dmi&7-t> *=eo 2 0 izfem ufe^. ^mmmmiz^^-cit. ut^© f^^ 
y e,^^^ti^ii^(D5S^^t, o t&m^ F^%(Dmm^-^ zmftmiz fpga 
P 1 9 (Dm®.?-* v 2 oizfam-t So w^&^&^s ^j^sti*. 

N fr& -5 d i: Idfe 5 0 ft ft ft 13 li s Haic^-r^n-^-F-MZfc^Ts X ^ <y ^ 
i* S T 2 4 N ST3 1HSl\tliI»t5»$tffi^F^&Ff>^B, F#^C 

111 

g tb, Xry7ST25, S T 3 2 13 ifc It £ ¥>JS'J 13 13 T s {£JH£J*U l3{tx.T 

BUsSt*-* fc^tf) F P G ACMf-^/^U IID-fO^LT33< 3 h (3 
0 . »f F*^A«AA*tlfc^S^v 3Fr F ^^(Dm$L^ ~ 9 F P G A 1 9 ©«j£ 

f-^x^ut i3#£ l & u fcto idft##^^^ffi * s u , h iv o mm 

-ri x r □ y ^ a t (* m m is ± <d iri ± # m # t? s s 0 

±mm4(omMBmiz&^Tit, 2o(DF^riffli^/\^->&ii 

IBIfSP 13 IB -£130 L^rittW Ufe^s 3 -dVl±(D F $t*t(DMftrt* - > 

(J*5(D$;ifcJ£tt) 

tt-r s «fc a 13 u fcfj-efe s^ 5 (Dmmm-Miz-D utiBiti 0 
**itJK»cfe^rt.x ±aaiaixi±iai 1 t^r*#f*j(i.fltiHiK«:.«rjHifc u 



18 

i$ r s o 

BaCStJ: -5 I'. SffilBISSP 1 5 b I' li, fli/i&T 1 -*^© 2 ft© 2<g#© U vX 

J^-^tfetf 5 o©«^fcfi|l:SotH5o JSMIBH £P 15bl^l± N BU@©F^ 
6^0© F ifc^'x - o^OIDI^K 2 N 3s 4s 5 ©3 

f3 © U >7 ^ 13 lis ^(DMA 0 ^ - btcm&tf&U£tlT^Zm&.(D U vX 

Jj ^-/tJKDUyX^ilil'feSo PlSfZltes — £P© U vX £ (Zl O T CD*j«J*<i6» 

3 mmtt>m& 1 5 bi:7U7iy?S|5 1 4 £ F I D #A?ti£*iS h s ft 

O 4 ©HSfiJ^^t |l|^©ttftl-ct oTs m&ois*sx*\z&M&rt* ->ff&±L 
fc££tfSii**t3o Sfc- -f -'WUfcfctjSPU: J; 0 s tain]© Ftfr^r© I Dtf 
A*^tlfeh^^6>©^JgB#F^A<* ^>h^^itfcOs HU0© F^^© I D#A 

© -T - ytJU©5p«3<t«r«J 0 dB LTs i-MT©tt^^ 

) / (iKr@* ir©ii^«jS+ 1 ) 
HSo'UTs 4 > & -rt)\,<D¥-%)fet:W.%i-f2> 0 

^til3ctt)s ^JSs -f >*-/UKDU vX^Ctis v7.^A©ft^*l3fe(tS 

-Id. m 1 Xltm 1 1 t^-T*l*jai 1 6 •C|* N jaJ^tBISSP 1 5 a©£j£© U v 

x * 13 tir i\ s^jg^tf-f > ^ - a*;u© u v x ^ ica»$ tit i^o^ 
-y\*;u©^Ki^^#B§ UTs m&^?f£ fox ^ s f^^-© i D#-^^e>;^iz:srr© 



19 



F ifr fe F P G A IZ □ - t 4 > ^ T £ >*^"f £ o #1 x. If N && © U v X £ (3 

fis Hi 1 3 t«^**irusiiJSttx •< >*-M;H£#a&£;h.Tua*£, il 

f£(f . mj±M&+ &m^tf& o <h & © L\©(£ I Df^^30F tfr^Tffc -5 o L 
L s I D#-§-# 1 © F £ I D 3 CD F 1$<$lzm&-t Z -f > £ - A'JKD 

¥±^(£3 0 0 (^ny^l^-f^^) L^ftUffs 3 © fl#53 If I D 3 ©JiEfc 
T-^^3>7-f 4^aU-V3 > y U ^ e> F PGAMDD-x'-f > VlZWfZ 
mm ( #J x If 5 0 0 £ □ y ^ If ^ £ ;u ) cfc 0 t^t^Ts Jifife^ - £ © # £ & x. 
£fT&o mffltfte^o ^^Tr. 0 1 31^^-T^J^. -f >^ -M*JU© U v7 ^ ©fit 
O &#it5 <h s I 1 3 (D)klZ I D#^- 1 -»4 ©3S5i«<ffi < s fro s 

p I D#-*§- 1 4 'N© -f - A*;U©¥*>Jtiilf 1 1 00 □ y £-t>--f 7!£ 
| 5s I D#^-*<4 ©41^5^- ^ & □ -7 s * >yt58$|] ($l;L[f 5 0 0 £ □ y £ 

h Tfv I Di^tf4© F 7 s -* & F P G A 1 9 ©*IJ5£t^- ^ / f iJ2 0 

III 

^ lis Xt>£ foZMfetftj ^ ttm^ F tfr^roflffifc^- * *m%#}\Z F P G A 1 9 

^ ^*e^ tis^i^rosi^^t otu<s m%&7L&mm<D&z f^^cd 
m&T-t *m.9im\z fpgai 9 amm?-'-? * t U20 tt&tt-r s 0 
^5fcs *msmra§-etf . ^©-r -/u^#iiooi^/t^->©^± 

m&Zfimt LTs Fifr<£©f?f/&7-*-£©0 -7^ >?"©$»J$P£fT&7 d^ldfc 
£ o MtettlZlIf x HI 3 Kl^f^ a-f t - hCfcUts 7f'y7ST24, ST 

3 1 izt$ uTtt s^-r < -f > ^ - n )i(D^t^m.t< n - ^ ^ >?izm-f 

SB#Rg .«£ 0 Ff&<fc& Fift^r B x Ftfr<£C 7f»7ST25, ST3 

2 i3 a it £ m m \z & u r v mm mm u iz ft x r > * - a © ¥ # □ - =f < 
^mmmmizji^t, m&o f &<$fr*>m&i-2>mmw& ■=> t&n^ f^© 



20 

9 s m Ftfr^tfA* £ Htct £ (3. Iff Fifr^a>fiJ&^-* A< F P G A 1 9 

fcfcx ±1511 1 ~^ 4 ©^JSJ&JUlIfc UTs ifr^* t U 1 2 ^P*g^^tlTfc £ 
-Tl^^ftltTr «fc U 0 * fcs 7 'J 7 x »y 5P£P 1 4 I* C P U 1 8 fc— £Mb£*lT U 

rfc «fcu 0 FPGA1 9 (i/f>£«j$i;:fcr>Ti*3!&^(£fci*o rtl/ty 2 1 

u I* & < T <& cfc U o £ fe s □>7^2b-va>^ : BiJ 1 1 [* % Km*!? & < [*) 
O £fc, ±IESg 1 ~t& 3 G>mt(&BMlZ& UTs Fffr<£<D{£fl3 0f Jg©ft;b «9 \Z (<$ 

O «fc *4M1±t&0>rRj±#fl£fr*W*x £1* F^%$:^$fc^!C^ffi lit h - 5 )U £ L 
*«9!t«fc*t. C P U F P G A fe>£*Ufc**f*JR«|5||&|;:fc^T\ FP 
t 5o 



21 



O L -Z^ 

I/-A 1 ] CPUh, 

(D titm^ - * « ^ t 
fi ±%^^}^^ common o ®&&±szffiBb$i&mwftiz&te-fzfr 

Si 

i* ±iB» 1 ©fijsy#®fc«tt/m 2 ©i|9jsij^©©j|9iwffe*&sitTs ±ib^x(± 

_tKJS 2 ©J|9|SiJ^©©J|9JWrfem«:SltT. ±IB^^^^©MS^ff o ESS#± 
IBMl*/1l^^gl*llc:#^-ri.^-&ICs ±fB^^^^©MS^±IBMftb>H#^gTr 
fTt)t5cta CffiiU ±IB^^)^^©MS^ff a [H!^3b<±IB«fib>*W^ai*ll3 

£ £ S (3fJS^Tt\i> o 

[H-A4] ^ U-A 3 ©*H#««lHl»tfelxT v 
±I3^t^l*C P U Tf^fT Stuff feiMft^Tfe 0 s 



22 

[^b-A6] ^ U-A 3©^3lf*:ftfl||slKlC33UTx 

i* [n-A7] * u-a 1 ®*mwmmmfeiz&i\-c, 

tn 

±IB^^J^^©I5JKm^5 :: -^ U Tlx So 

[H-A8] * U-A 1 <D*mwmm\B\&iz3$i\T. 

0] £ u - A 8 ©4^##:*itlH]S§l3atxT. 



23 



^ U l::«£&£!g4 ©¥iJEiJ#|£££ bttxTUSo 

1] ^ U -A 1 CZ)^*fr*f»lH]KlIfeUTs 
±13^ifc*Jifr^&iIlfc[E]^t±fc h £©^ifr^<Z>iI;f£M°^ - > £13 'If -TSJlMtB 

5 ±IB«^^-^«S^^#@l*s ±I3JlMt31f ¥l££#F,s IT, If&gltTU 

u 

« 13 *i fibril SIS I;: 

St [H-A1 2] * U - A 1 ©4^#il!»[5]S&|;:fcUT, 

ry 

i i^^^r©«js^^^^^^c:^[ii3'tsr §^mibii^i$^^ ecus*, 

±I3^iftift^£ 2 ©gltfch %(D^m$i^(DmifcJKP - >£: s ±13 2^0f|() 

ifr ♦ £ s \t z> m ram m t * mm. r s mmrnm * <* e> izm x , 

±13^^ £ 2 [HlSltfch #CD^ifaffr^(D^If£/\°^ - N ±13 2 z>(D^m 
*^4SI±«ll*WIBBBIhfelB«t--5JlSIB1t#a** e. KiiliU 



24 

[*U-A1 5] * U-A 1 ©^*#|l«lHltttfe^T, 
& < ^§^-^±13^^^^^ 9 *&J8«J£©i£t^ttf&^&±i3fciJS!j)ajt:gii 

O [H-A16] >7 U-A 1 ©4^«#:||»|E]SS(3fcUT. 

3&<& & ff tv % 



25 

It 3 (3D F#4fhP i;ftl31l*]^& C P U TrfTfc a fctoflDftSifr^i: LTBtt L 
fcto©¥'JS'JgPt x ffr<fr 3 v C P U t s F P G 

■z?, c p u rziot >9 f p g a tm Kmmwft tet>tiz> 0 



